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Abstract
This paperreportsthe synthesisandthennalBergmancyclizationof 2,3,12,13-
tetraethynyl-5,10,15,20-tetraphenylporphyrinto generate the chromophoric
superstructuresbis-piceno[20,1,2,3,4,5,10,11,12,13,14,15-fghij]porphyrinand 2,3-
diethynyl-5,20-diphenyl-piceno[10,11, 2,13,14,5-fghij]porphyrin. Problems
concerningthecyclizationandnewroutesto ourdesiredcompoundarediscussed
within.Thesechromophores,whenpairedwitha near-IRemittingmetalcenter,have
potentialasinvivoimagingagents.
Introduction
In orderforamoleculetoworkasaneffectivenearinfra-redimagingagentin
vivo,it mustabsorblightin theredregionof theelectromagneticspectrum,andemit
lightin thenearinfra-redregion.Thesetypesof moleculesarepotentiallyusefulin
biologicalsystemsbecausehumantissueis largelytransparentto bothredandnear
infra-redwavelengths.For an effectiveimagingagentto be designed,the molecule
requirestwoparts:achromophoreandanemissivebandinthedesiredspectralregion
withahighquantumyield.If thismoleculeistobedeliveredintoahumansystem,light
wouldbedirectedthroughtheskinandabsorbedbythechromophore.In thesystemwe
aredesigning,thisabsorbedenergyisthenpassedintothemetalcenterofthemolecule.
ThismetalcenterwouldthenemitlightinthenearIR region,whereit canbedetected
byanimagingsystem.
To bestfulfill thisrequirement,amemberof thelanthanideserieswill serveas
ourmetalcenter.Theiropticalproperties,uchasline-likeemissionspectrandlong
luminescencelifetimeshavebeenstudied.[1] Thesepropertiesmakethis seriesof
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elementslikelycandidatesasfluorescenceimagingagents.Somelanthanides,likeEu
(III) andTb (III) possesstronglyemissiveandlong-livedexcitedstates,butdonot
exhibitintenseabsorptionbands.[2]Thismeansthattheseionsrequireachromophore
to harvestheenergyandtransferit to theemittingmetalcenter.Severalof the
lanthanide(III) ionsareluminescentin thenear-IRregion,[3]whileporphyrinshave
strongabsorptionbandsin thevisibleregion.[4]If thesetwocomponentswereto be
pairedtogether,theresultingmoleculeswouldbeidealcandidatesforefficientphoto-
sensitizersandluminescenceimagingagents.Thequantumyieldoftheoverallprocess,
whichinvolvestheexcitationofthechromophoreandintersystemcrossingtothetriplet
state;energytransferto thelanthanideion; andtheresultantlanthanidemission,
dependsontheefficiencyoftheindividualsteps(Figure1).[5]Quantumyieldis
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Figure 1. Left: Photophysicalmodeldescribingthemainpathwaysin the
sensitizationprocess.Right:Energydiagramof the4f levelsresponsibleforthe
lanthanideluminescence,wherea filledcircledenotesthelowestluminescent
stateandanopencircledenotesthehighestnonluminescentstate.[5]
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definedas thefactorof photonsabsorbedby photonsemitted.It is importantthat
quantumyieldsbehighforimagingcompoundsbecausethehigherthequantumyield,
theeasierit is tomeasuretheemission.Recentliteraturehasreportedthatlanthanides
havelowquantumyields,generallyessthan0.3.[5-11]Thisproblemisonethatwill be
addressedbyourensuingresearch,possiblybytheuseof lanthanideclusters.Research
onthemetalcenteraspectofthisprojectwill beincludedinfuturework.
Work so far on this projecthas involvedsynthesisof the chromophore.
Moleculesthataregoodchromophoresgenerallyhaveextendedconjugatedstructures
thatallowforhighdelocalizationfthe1tsystem.Thestructurewechoseforthecoreof
our chromophorewas 5,10,15,20-tetraphenylporphyrin.This purplesolidhasbeen
widelystudied,andhasa facile,knownsynthesis.[12]Throughanumberof synthetic
stepswe haveaddedtwoenediyneunitsattheppositionsto thisporphyrinicore,
making2,3,12,13-tetraethynyl-5,10,15,20-tetraphenylporphyrin.We thenattemptedto
createan extendedconjugatedstructureusingBergmancyclization.This process
rearrangesa Z-1,5-diyne-3-eneunit to a 1,4-didehydrobenzenediradical.In the
presenceof a hydrogensource,this diradicalcan be quenchedto afford the
benzannulatedproduct.[13](Figure2).Describedhereisthesynthesisandattempted
H
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Figure 2. Bergmancyclizationequilibriumof the1,5-diyne-3-eneunitandtrappingof
thep-benzynediradicalintermediate.[13]
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thermalcyclizationof free base and Zn (II) 2,3,12,13-tetraethynyl-5,10,15,20-
tetraphenylporphyrin.
Resultsanddiscussion
A series of new compoundswere preparedby using 5,10,15,20-
tetraphenylporphyrin1(TPP)asastartingmaterial.TheTPPwaspreparedbyfollowing
theknownliteratureprocedure(Scheme1).[12]Thefirstmoleculesynthesizedwas
2,3,12,13-tetrabromo-5,10,15,20-tetraphenylporphyrin(2). This was preparedby
refluxingfiveequivalentsof N-bromosuccinimide(NBS)withTPP in CHCl3for 24
hours(Scheme2).Electrophilicbrominationoccursregiospecificallyattheantipodal
pyrrolering of free-baseporphyrinsthathavesubstituentswhichfix thearomatic
delocalizationpathway.[14]This occursquitereadily,andaffords2 in highyield
(80%).
.HN0
0
+ ci'"
Propionicacid
140.C, Nz
1
Scheme1.Synthesisof5,10,15,20-tetraphenylporphyrin(1).
CHCI3,80.C Br
Br
NBS
Br.
1 2
Scheme2. Synthesisof 2,3,12,13-tetrabromo-5,10,15,20-tetraphenylporphyrin(2).
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In ordertopreparethemoleculeforBergmancyclization,wehadtoreplacethe
brominesat the2,3,12,13positionswithethynylunits.This wasaccomplishedby
treating 2 with six equivalentsof trimethyl(trimethylstannanylethynyl)silane
(TMS-=-Sn(CH3)3)overa PdQcatalystin aninertatmosphere(Scheme3).Additionof
the trimethylsilylethynylunits was a facile reaction,and afforded2,3,12,13-
tetrakis(trimethylsilylethynyl)-5,I0,15,20-tetraphenylporphyrin3inhighyield(75%).
Br
TMS :rMS
Br
TMS
Sn(CH3h a
(Ph3P)4Pd, THF, 80°C
TMS TMS
2 3
Scheme3.Synthesisof2,3,12,13-tetrakis(trimethylsilylethynyl)-5,10,15,20-tetra-
phenylporphyrin(3).
Zincwasinsertedinto2,3,12,13-tetrakis(trimethylsilylethynyl)-S,10,IS,20-tetra-
phenylporphyrin(3)bystirringit withzincacetateforonehourin CHCi)/MeOH.Free
base and ZInC (II) 2,3,12,13-tetrakis(trimethylsilylethynyl)-S,10,15,20-
tetraphenylporphyrinweredeprotectedat roomtemperaturewithfive equivalentsof
tetra-butylammoniumfluoride(TBAF) in THF and affordedthe corresponding
tetraethynylproducts4and8inhighyields(90%)(Scheme4).
7TMS
TMS
3, M =2H
7,M=Zn
4, M =2H
8, M =Zn
Scheme4.Synthesisof2,3,12,13-tetraethynyl-5,10,15,20-tetraphenylporphyrin(4)and
zinc(II) 2,3,12,13-tetraethynyl-5,10,15,20-tetraphenylporphyrin(8).
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Figure3.X-raystructureof7.
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Scheme5. Synthesisof bispiceno[20,1,2,3,4,5,10,11,12,13,14,15-fghij]porphyrin(5)
and2,3-diethynyl-5,20-diphenylpiceno[10,11,12,13,14,15-fghij]porphyrin(6).
Thermal Bergman cyc1izationof 4 afforded a mixture of bis-
piceno[20,1,2,3,4,5,10,11,12,13,14,15-fghij]porphyrin 5 and 2,3-diethynyl-5,20-
diphenylpiceno[10,11,12,13,14,15-fghij]porphyrin6 (Scheme5). Cyc1izationwas
carriedout in benzeneat 80 DCby using1,4-cyc1ohexadiene(CHD) asa hydrogen
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source.This reactionhasprovedto bechallenging,dueto theradicalnatureof the
intermediate.Theproposedmechanismforcyclization,adaptedfromAiharaetal [15],
is shownin Scheme6.ThermalBergmancyclizationofthealkynylmoietiesgeneratesa
bis(I,4-diradical)species9. Thisdiradicalis thentransferredto theadjacentmeso-
phenylgroups,whichspawnsaplanardiradicalspecies10.Thisradicalis quenchedby
foursuccessivehydrogentransfersfromCHD,toaffordtheoctahydrospecies11.This
is thenoxidizeduponwork up to givebis-piceno[20,1,2,3,4,5,10,11,12,13,14,15-
fghij]porphyrin5. Polymericandoligiomericompoundshavebeenknownto form
fromthis typeof reaction.[16]Indeed,polymerizationhasbeenan obstaclein the
achievementof highyieldsin thisreaction.Earlierattemptsawa highdegreeof
polymerization,discernibleasalayerof stickyblacksubstanceonthesidesandbottom
of thereactionflask.Concentrationsof CHD weretheniterativelyvariedin orderto
achievea betteratioof hydrogendonorto reactant,andthequalitativeamountsof
polymerizedmaterialwere diminished.The fully cyclized blue-greenbis-
piceno[20,1,2,3,4,5,10,11,12,13,14,15-fghij]porphyrinpr duct5 hasbeenisolatedfrom
severalreactionsinmoderateyields(15-30%),buthasproved ifficultoisolateinpure
form,andthereforecharacterizationhasbeenincomplete.Recently,wehavebegunto
varythereactionconditions.ToluenehasbeensubstitutedforchlorobenzeneandCHD,
actingasbothsolventandhydrogendonor.Polymerizationhasstillbeenanissueinthis
reaction,however.It isunclearatwhichstepthepolymerizationisoccurring,duetothe
radicalnatureof twoof theintermediates.Thoughit couldoccurateitherstep,it is
morelikelythatpolymerizationis occurringattheplanardiradicalspecies10.Thisis
duetothecloseproximityof theadjacentmeso-phenylring(approximately3.1A, see
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Figure5 below)in 9, whichactsasa radicalquencher.This radicaltransferto the
outsidestructureof themoleculeis expectedtobefast,whereasthehydrogendonation
to 10toform11is expectedtooccurmoreslowly,duetotheintermolecularnatureof
thispartof thereaction.At thispoint,theradicalwouldhavemoretimetoreactwith
otherspeciesin solution,presumablymoremoleculeslikeitself,toformpolymersand
oligiomers.However,as statedabove,it is unclearhow exactlythepolymersare
forming;it is onlyknownthattheyarein factformingandthattheyhavebeena
stumblingblockinachievinghighyieldsofthetargetcompound,S.
2,3,12,13-tetraethynyl-S,10,is,
20-tetraphenylporphyrin(4)
-4H2
~
bis-piceno[20, 1,2,3,4,S, 10, 11,
12,13,14, 1S-fghij]porphyrin (5)
octahydrospecies (11)
Scheme6.Proposedmechanismforformationof5.
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A secondproductwas alsoisolatedfromthisthennalBergmancyc1ization
reaction:2,3-diethynyl-5,20-diphenyl-piceno[I0,11,12,13,14,5-fghij]porphyrin6. This
producthasbeencyclizedonlyononesideofthemolecule,insteadofonbothsidesas
in thecaseof 5. A crystalstructurehasbeensuccessfullyobtainedfor thismolecule
(Figure4), andshowsseveraldegreesof distortion(Figure5). Withouta crystal
structureofcompound4it cannotbetoldif thisdistortionisthecauseoftheincomplete
cyclizationof 6.Reasonsbehindthefonnationofbothproducts5 and6 areyettobe
elucidated.
C50
Figure4.X-Raystructureandselectedbondlengthsof6.
Figure 5.X-Ray structureof 6,sideview.
AtomA AtomB Dist(X)
N2 N4 4.342
N1 N3 3.914
C49 C51 2.995
C50 C52 4.273
C42 C49 3.169
C44 C51 3.063
C12 C13 1.380
C12 C49 1.414
C49 C50 1.181
C13 C51 1.424
C51 C52 1.191
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Experimental
Materials and GeneralProcedures
All chemicalsandsolventsusedwereof thehighestpurityavailablefrom
Aldrich andStrem.Air-sensitivereactionswerecarriedout undernitrogenusing
Schlenktechniquesandair-sensitivecompoundswerehandledin aninertatmosphere
drybox.Compoundswerepurifiedusingflashchromatographywithactivatedneutral
aluminumoxide. IH and 13CNMR wererecordedon a VXR 400or Gem 300NMR
spectrometerusingtheresidualprotonresonanceofthesolventasaninternalreference.
Infraredspectra(KBr) wererecordedon a NicoletSlOP FT IR spectrophotometer.
ElementalanalyseswereobtainedfromRobertsonMicrolitLaboratories,Inc.
Synthesisofcompounds
5,10,15,20-Tetraphenylporphyrin(1):Synthesizedbyfollowingliteratureprocedure.
[12]Yield:20%.IH NMR (CDCh):87.756-7.804(m,12H,meso-ArH),8.25(dd,J =
1.6,1.6Hz,8H,meso-ArH),8.879(s,8H,~-pyrrolicH).
2,3,12,13-Tetrabromo-5,10,15,20-tetraphenylporphyrin(2):To a solutionof 1 (500
mg,0.814mmol)in ethanol-freeCHCh (75mL),N-bromosuccinimide(724mg,4.07
mmol)wasadded.Theresultingsolutionwasrefluxedat 80°C for 24 hours.The
solventwasremovedundereducedpressureandtheresultingsolidwaspurifiedby
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recrystallizationfromCH2Ch/MeOHto affordpurplecrystals.Yield: 80%.IH NMR
(CDCi)):07.758-7.816(m,12H),8.18(dd,J =1.5,2.1Hz,8H),8.70(s,4H).
2,3,12,13-Tetrakis(trimethylsilylethynyl)-5,1O, 5,20-tetraphenylporphyrin(3): To
(Ph3P)4Pd,a solutionof 2 (500mg,0.538mmol)in dryTHF (30mL) wasaddedat
roomtemperature.Then,trimethyl(trimethylstannanylethynyl)silane(842mg, 3.23
mmol)in dryTHF (15mL)wasaddedtoreactionmixtureandrefluxedat70-80°Cfor
6 hours.Thesolventwasremovedundereducedpressureandtheresultingsolidwas
purifiedby activatedneutralaluminumoxidecolumnchromatographyusing40%
CH2Chin hexane.Rrin CH2Ch:hexane(1:1)onneutralaluminumoxideTLC: 0.587.
Yield:90%.IHNMR (CDCi)):00.183(m,36H),7.694-7.731(m,8H),7.776-7.812(m,
4H), 8.167(d, J =7.2Hz, 8H),8.634(s,4H). BC NMR (CDCi)):0 1.011,99.349,
109.672,120.549,127.395,128.883,129.422,134.226,135.760,140.488,141.604,
151.752.IR (em-I):629.43,657.29,701.90,756.68,799.68,853.37,898.18,1001.35,
1030.78,1099.93,1140.47,1243.09,1469.55,1598.62,2131.18,2925.5,3364.97.
Anal.calcd.forC64H62N4Si4:C, 76.922;H, 6.259;N, 5.610.Found:C, 77.77;H, 7.53;
N,4.62.
Zinc (II) 2,3,12,13-tetrakis(trimethylsilylethynyl)-5,1O, 5,20-tetraphenylporphyrin
(7):Toasolutionof3 (500mg,0.501mmol)inCHCi)(200mL),1.2equivalentsofzinc
acetatedihydrate(130mg,0.601mmol)in MeOH(50mL)wereadded.Thereaction
mixturewasstirredatroomtemperaturefor 1hourtoaffordthegreencompound.The
solventwasremovedundereducedpressureandtheresultingsolidwaspurifiedby
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silicagelcolumnchromatographyusing1:1CH2Ch:hexane.Yield: 95%.IH NMR
(CDCh):80.226(s,36H),7.630-7.679(m,8H),7.748-7.773(m,4H),8.063(d,J =7.2
Hz,8H),8.591(s,4H).
2,3,12,13-Tetraethynyl-5,10,15,20-tetraphenylporphyrin(4):To asolutionof3 (200
mg,0.200mmol)inTHF (40mL),1M solutionoftetra-butylammoniumfluoride(262
mg,1.00mmol)in THF (1mL)wasadded.Thereactionmixturewasstirredatroom
temperaturefor2 hours.Aftercompletionof thereaction,thesolventwasevaporated
off andresultingresiduewasdissolvedin CH2Cb,TheCH2Chsolutionwaswashed
withwater,driedoversodiumsulfateandevaporatedundereducedpressure.Thecrude
compoundwaspurifiedby activatedneuralaluminumoxidecolumnchromatography
usingCH2Ch:hexane(1:1)assolvent.Rf in CH2Ch:hexane(1:1)onneutralaluminum
oxideTLC: 0.437.Yield: 90%.IH NMR (CDCi)): 8 3.57(s,4H,),7.654-7.703(m,8H),
7.776-7.826(m,4H), 8.08(d, J = 8.1Hz, 8H), 8.83(s,4H). IR (em-I):607.73,687.13,
699.29,734.78,768.13,753.24,801.04,960.27,1001.48,1030.49,1073.65,1088.72,
1156.72,1137.49,1175.37,1251.02,1280.75,1341.52,1375.74,1442.23,1475.69,
1506.46,1550.55,1597.54,1713.44,1828.40,1891.11,2104.62,3047.43,3290.11.
Anal.calcd.for Cs2H30N4'H2O:C, 85.684;H, 4.428;N, 7.691.Found:C, 85.44;H,
4.14;N, 7.25.
Zinc (II) 2,3,12,13-tetraethynyl-5,10,15,20-tetraphenylporphyrin(8):To a solution
of 7 (500mg,0.501mmol)in THF (150mL), 1M solutionof tetra-butylammonium
fluoride(262mg,1.00mmol)in THF (1 mL) wasadded.Thereactionmixturewas
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stirredatroomtemperaturefor2 hours.Aftercompletionof thereaction,thesolvent
wasevaporatedoffandresultingresiduewasdissolvedinCH2Cb.TheCH2Chsolution
was washedwithwater,driedoversodiumsulfate,filtered,andevaporatedunder
reducedpressure.The crude compoundwas purified by silica gel column
chromatography.Yield:55%.IHNMR (CDCi)):83.611(s,4H,),7.616-7.670(m,8H),
7.760-7.784(m,4H),8.033(d,J =6.9Hz,8H),8.823(s,4H).
Thermalcyclizationof2,3,12,13-tetraethynyl-5,10,15,20-tetraphenylporphyrin(4):
To asolutionof4 (20mg,0.028mmol)inbenzene(15mL),1,4-cyclohexadiene(2.36
mL)wasadded.Thereactionmixturewasheatedat80°Cfor20hours.Thesolventwas
evaporatedunderreducedpressureandtheresultingsolidwaspurifiedby activated
neutralaluminumoxidecolumnchromatographyusing2%ethylacetatein CH2Cl2to
producebis-piceno[20,1,2,3,4,5,10,11,12,13,14,5-fghij]porphyrin5 and2,3-diethynyl-
5,20-diphenyl-piceno[1O,11,12,13,14,15-fghij]porphyrin6 in 15%and25% yields,
respectively.Thecompletecharacterizationf 5 is yetto becarriedout,andfurther
effortsarebeingmadetoobtaintheseproductsin goodyield.Characterizationdatafor
5:MALDI-TOF MS m/z=707[M+].Characterizationdatafor6: Rf in CH2Ch:hexane
(4:1)onneutralaluminumoxideTLC: 0.857.IH NMR (CDCi)):83.618(s,2H),7.754
(dd,2H), 7.75(m,6H), 7.784(q,4H), 8.156(d,4H), 8.491(s, 2H), 8.59(d, 2H), 8.74
(d,2H), 9.36(t,4H).MALDI-TOF MS m/z=708[M+].
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Future Work
At thewritingofthispaper,workis aboutobegintoemploytwonewmethods
tocyclize4,bothofwhichinvolvetheuseofametalcatalyst.A recentpaperbyLandis
et at [17]describesthetelluriummediatedcyclizationof acyclicenediynes.In this
method,sodiumtellurideis combinedwithhydrazine,andAliquat464phasetransfer
catalyst(PTC)inabenzene/watermixturetoformthecyclizedproductin 70%yieldat
40 DC(Scheme7). The exactmechanismfor thisreactionis notknown,but it is
believedtoproceedbyaradical-anion-chainmechanism,withhydrazinefunctioningas
theelectrondonor.Theyreportedno intramolecularpolymerizationreactions,butdid
experienceproblemswithintermolecularpolymerizationfonespeciesthathadn-hexyl
groupsplacedorthotothealkynes.Thetellurium-mediatedcyclizationinthismolecule
producedamixtureof compoundsthatwerepresumedtobeproductsofhydrogenatom
abstractionor cyclizationwiththevicinalalkylgroups.However,sincethesegroupsare
absentinourmolecule,wedonotanticipatelikeproblemsinTemediatedcyclizationof
2,3,12,13-tetraethynyl-5,10 5,20-tetraphenylporphyrin(4).
R
~
NazTe
hydrazine
b ..~nzene/water
,AhQUat 464PTC
R
CXJ
~ ~ R
~ Te~
R
48hrs . cx:x~ RI ~ ~ R
Scheme7.Temediatedcyclizationofacyclicenediynes.
Anotherrecentpaper,by O'Connoret at, [18] describedthe use of
tris(acetonitrile)cyclopentadienylruthenium(III) triflate as a catalystfor room
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temperaturecyclizationof acyclicenediynes.In thisreaction,theRu complexdrivesthe
enediynecyclizationin THF at23°C, andaffordscyclizedproductin 64-88%yield,
dependingontheR groups(Scheme8).Thedetailedmechanismforthisreactionhas
not beenestablished,but it is believedthatrutheniumformsa 1tcomplexwith the
alkynes,initiatingthecyclizationreaction.If thisis indeedthemechanism,thismaybe
problematicfor usewith4, sincetherearefourphenylringsontheperipheryof the
moleculewithwhichtheRucomplexmaybind,insteadof initiatingthecyclizationof
theenediyneunit.In fact,in a previouspaper,O'Connoretal [19]reportedthatthe
enediyneswith a phenylbackbonedid not readilyundergocyclization,due to
interferenceof thearomaticsystemwithRucomplex.Thisreactioninsteadproduceda
mixtureofRuboundstartingmaterial,andasmallamountofthecyclizedproduct.We
plantousethiscatalyticmethod,however,becauseitmaycausethephenylringsin4to
becomeplanartotheporphyrincore,thusforcingthemcloserto theenediynemoiety
andfacilitatingcyclization.
R
.. q'~R* OTfG~ [(T]-CsMes)Ru( CH 3CN)3]OTfTHF,23°C~ R'
Scheme8.Ruthenium ediatedcyclizationofacyclicenediynes.
Conclusions
Thispaperhasshowntheworkdonethusfaronsynthesisofamoleculetobeas
anin vivo imagingagent.Thegoalis to synthesizeamoleculecontainingaporphyrin
chromophoreanda near-IRemittinglanthanidecenter.Bergmancyclizationhasbeen
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employedto createaporphyrinwithanextendedconjugatedstructure.Work is ongoing
to cyclizezinc (II) 2,3,12,13-tetraethynyl-5,10,15,20-tetraphenylporphyrin,and to
synthesizebis-piceno[20,1,2,3,4,5,10,11,12,13,14,15-fghij]porphyrinin good yield.
Futureworkwill includemetalmediatedcyclizationof thefreebasecomplex,aswell
asinsertionof lanthanidestoassessthenear-IRemittingcapabilityof themolecule.
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